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Specification 



Title of the Invention 
Fuel bundle 

Claims 

1. In a fuel bundle for a boiling water reactor in which plural 
fuel rods are arranged in a square grid form and supported by plural 
fuel spacers, the fuel bundle is characterized by the fact that mixer 
blades which stir the flow of coolant are installed at the lower end 
parts of the fuel spacers . 

^ 2 . The fuel bundle described in Claim 1 is characterized by the 
Met that mixing blades which stir the flow of coolant are installed 
dnly at the lower end vicinity of the square corner parts of the fuel 
spacers . 

s 3 . The fuel bundle described in Claim 1 is characterized by the 
4act that the fuel bundle has seven fuel spacers, of which the lower six 
fuel spacers have no mixing blade and the remaining one fuel spacer at 
tge upper end part has mixing blades at the vicinity of the square 
corner parts. 

Detailed Explanation of the Invention 
(Industrial Field of Application) 

This invention relates to boiling water reactor fuel. Especially, 
this invention relates to a fuel bundle having a fuel spacer supporting 
member . 
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(Prior Art) 

As shown in Figure 1, a fuel assembly to be used in a boiling water 
reactor comprises spacers (3) which maintain space between plural fuel 
rods (4) and fuel rods (4) in the horizontal direction at a constant 
distance, spacer rods (5) which maintain the space between these spacers 

(3) in the vertical direction at a constant distance, and an upper part 
tie-plate (1) and a lower part tieplate (2) which support the fuel rods 

(4) and the spacer rods (5) and maintain the space between them at a 
constant distance .*,Jhe aforementioned spacers (3) are held in certain 
positions by the engagement projections (6) which are set on the spacer 
rods (5) . 

J? Figure 2 shows a brief diagram of a spacer (3) . In the spacer (3), 
Mntern springs (9) [as transliterated] are arranged at intersection 
gBints of grids consisting of dividers (7) and bars (8) , and the spacer 
<J3) has a band (10) which surrounds the dividers (7) and the bars (8) . 
£ Summary) 

5 s 

In a boiling water reactor, as the water-moderator flows upward in 
tf|ie fuel assembly, the water-moderator is heated and its density 
^adually decreases. In the case of a boiling water reactor, a two-phase 
steam-water mixture is generated by boiling at the upper part of the 
fuel assembly. On the other hand, as the temperature of the fuel rods is 
increased, a small steam bubble (i.e., void) is generated briskly from 
the fuel rod surface, and it changes from a nuclear boiling state in 
which the steam bubble departs from the fuel rod surface to a film 
boiling state in which the steam bubble is spread oyer Vhe entire fuel 
rod surface, forming a film. In this film boiling region, the 
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temperature increases drastically. If the reactor is operated in this 
state for a long period of time, the fuel rod may be damaged due to 
deterioration of the cladding tube. As described earlier, the location 
where this film boiling can easily occur is concentrated at the upper 
part of the fuel assembly where the rate of occurrence of void is 
higher. According to the result of thermohydraulic analysis, it is known 
that it easily occurs at the immediate lower end of the seventh spacer 
at the upper end part (especially at the square corner parts of the fuel 
spacer) . 

Therefore, by stirring the flow of the water-moderator with mixing 
blades at the thermally severe spots (i.e., the hot points) to prevent 
t|§e covering of the fuel rod heat conducting part by a steam bubble, the 
soundness of the fuel rods can be improved. It may be desirable to 
install mixing blades at the corner parts at the lower end part of the 
£Qel spacer. Furthermore, the thermal margin may proportionally increase 
by increasing the number of mixing blade-attached spacers. However, by 
ipstalling mixing blades, the passage resistance of the water-moderator 
increases and the pressure loss increases. As a result, the burden on 

T 

t S e P um P s of the reactor increases. Therefore, by considering the 
aforementioned factors, it is effective to install mixing blades only at 
the lower end parts of the seventh spacer part at the upper end part 
where it is thermally most severe. 
(Working Examples) 

In what follows, working examples of this invention are explained. 

Figure 3 is a working example of this invention. Mixing blades 
which stir the flow of the water-moderator are installed at four 
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locations at the lower end of the lantern spring part at the corner 
parts of the seventh fuel spacer at the upper end part. The shape of the 
mixing blade is shown in Figure 4, in which it is twisted about 90° 
around the axial center which is parallel to the axial center of the 
fuel rod so that a spiral form of flow can be generated within the 
water-moderator passage between the fuel rods. In this way, a steam 
bubble formed on the fuel rod can be removed, and the soundness of the 
fuel rod can be significantly improved. 

■cor* > 

V' 

Brief Explanation of" the Figures 

Figure 1 and Figure 2 are diagrams for explaining a conventional 
vgirking example. Figure 3 is a diagram for explaining a working example 
64. this invention. 

iQ.. upper part tieplate, 2 . . . lower part tieplate, 3... fuel spacer, 
4Q. .fuel rod, 5 ... spacer rod, 6 ... engagement projection, 7... divider, 
8... bar, 9 . .. lantern spring, 10... band, 11... S bend, 12... mixing blade 
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